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The present invention relates to electrical 
transmission line systems and more particularly 
to a system for feeding a load such as an antenna 
system simultaneously with energy from a hum- 
ber of different transmitters operating ai differ- 
ent frequencies. 
One of the objects of the pesent invention is 
to enable, thl"ee transmitters operating at differ- 
ent frequencies to feed the saine load system 
simultaneously over branch circuits so arranged 
that there is no reaction between the several 
transmitters. 
Another object of the prescrit invention is to 
cnable a plurality of transmitters operating at 
different frequencies to feed a turnstfle anterma 
without interaction between the. transmitters. 
Another object of the prescrit invention is to 
provide a combining network for feeding radio 
£requency energy from three or more transmit- 
ters into a single antenna. 
Sti]l a further object of the present invention 
s the provision of a trip]exing unit for feeding 
frequency modulated signais simultaneously with 
ele/ision signa!s into a common antenna. 
In accordance with the princip]es of. the. pres- 
crit invention there is emp]oyed, between one 
troEnsmitter and a ]oad circuit, a transformer for 
convevting from a single side or unba]anced cir- 
cuit to a circuit ba]anced wih respect to ground. 
Across the balanced circuit is connected a hall 
wave loop circuit with the second transmitter 
connected to its midpoint. Energy ïrom the sec- 
ond transmitter is thus introduced into the bal- 
anced "push-pull" circuit in a "push-pull" rela- 
tionshp. Then in order to obtain a phas quad- 
rature relationship at the output, one side of the 
balanced circuit is made a qua»ter wave longer 
than thc other. 
The pesent- izvention further contemp]ates 
the addition o a bridging transmission line 
across the balanced circuit, beyond the phase 
quadrature loop, for feeding signals at a third 
frequency into the system. The bridging trans- 
mission line has an indiv.idual- phase qad;ature 
10oP associated thm:eih wheçe_b F energy f'om 
the third t]:ansmitter f.ed into the pair of lines 
CarrFing eneçgy in phase quadrature :elationship 
is.also intçoduced in:a phase quadrature relation- 
ship. The thee signals thus combined may be 
applied o mutually perpendicula dipo!e radia- 
tors of a turnstile antenna for radiàti.ng  rotat- 
ing. field. Iejection circuits or, "notch filters" 
are provided in th e balanced lies and in the 
bridging lines to prevnt-ener.gy fr0 anF of the 
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transmitters from appearing, at any of the other 
transmitters. 
The prescrit invention will be more fu-lly under- 
stood bF reference to the following detailed 
5 description which is accompanied by a single 
ure of drawing illustrating in diagrammatc ïorm 
an embodiment of the present invention. 
Ieferrig now to the figure thre is: shown in 
the lower part thereof a concentric transmission 
10 line having an outer sheath  and an imïer c0n- 
ductor . energized from 
shown) supplying, for-example, a visuel signal 
modu!ated carrier wave. The figure urther 
shows a pair of coaxial transmission lines 
15 adapted to be energied i a push-pu!l relati0- 
ship, one of said lines being composed of an oter 
sheath conductor- 
and the other being composed of an outer sheath 
conductor 5 and an inner conductor $. The 
0 outer sheaths , - and $ may Se grounded- if 
desired, inner conductor  has a direct con- 
ductive connection to irmer conductor  azd is, 
therefore, energized in t-he saine relationsh!p as 
inner conductor . Inner conductor 2 is 
OE directly connected to the erd of-sheath  o the 
visual signal input coaxial transmission line and 
is, therefore, energized in phase opposi-tion to the 
inner conductor 3. In order to uncouple the 
las quarteï wave section of the visual signal 
30 transmission line 5, f} from the remainder- of the 
same t.hat one side of the. balanced ch'cuit is. hot 
shorted, I have provided an. ouer shell ï sur- 
rounding- the end o-f sheath . The shell  has 
a ,en,»th equal to one. quarter of the operating 
35 wavelength and is connected to sheath , et ifs 
end remote fïom the open end of shea-h 5. A 
secc.nd quarteï wave shell ! having the saine 
diameter as outer shell ] is arçanged in an end. 
on relation therewith Vithin he shell seCtion 
40  and coaxially arranged theçewih is n inner 
conductor t- having the saine diameter as the 
outer diaraeter of sheath  of the visual signal. 
input transmission line Though I have referred 
fo shells  and  separately for convezience in 
45 desription, it should be undersood, that in prac- 
tice, it may be round more convenient fo form 
them in o]]e continuous piece. The inner con- 
ductoï 5 is cooEnected af its inner end. to. the 
center conductor @ of the visual signal input 
50 transmission line and. also fo the center conduc- 
tor $0 of one of the bala.nced lines. The other 
end of conductor  is electricatl connected to 
the remote end of shell -. 
In order to îeed the balanced transmission 
55 li_nes 25, 26 and 35; 3 from a second-transmitter- 
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carrying the aural signal, I have provided a trans- 
mission line loop having inner conductors 6, 6' 
and having an overall length of one-half of the 
operating wavelength connected to the adjacent 
ends of sheath 5 and conductor  5. At the junc- 
tion between conductors 6 and 6' is connected 
the inner conductor 6' of a transmission line con- 
nected to the aural signal transmitter. Con- 
ductor 6' is surrounded by an outer shell 5'. The 
hall wave loop formed by conductors 6 and 
bas substantially no effect on the operation of 
the circuit so far as the picture transmitter is 
concerned. However, energy from the aural 
signal transmitter is fed to conductors 26 and 36 
through exactly equivalent lengths of line and 
therefore, in an in-phase or "push-push" rela- 
tionship. By means of the connections as so far 
described it will be seen that lines 25, 26 and 
35, 35 carry visual signal energy in a balanced 
phase opposing relationship and aural signal 
energy in an in-phase relationship. Now, since 
itis desired to feed the mutually perpendicular 
arms 27 and 28 of the turnstile antenna in a 
phase quadrature relationship, a quarter wave 
loop 37 is placed in transmission line 35, 36. By 
this means both signals are applied to the an- 
tenna in the proper phase relationship for mu- 
tually non-interfering radiation. 
Now, in order to feed a third signal, which may 
be a frequency modulated signal, into the sys- 
rem, I bave provided a bridging line having an 
outer conductor 45 and an inner conductor 46 
connected across lines 25, 26 and 35, 35 beyond 
the phase quadrature loop 37. The signals from 
the third transmitter are applied to the bridging 
line 45 and 46 through a further coaxial trans- 
mission line having an outer sheath 55 and inner 
conductor 55. A phase quadrature loop 47 is 
inserted in the bridging line at one side of the 
lnput lines 55, 56 so that the energy from the 
third transmitter is applied in a phase quadra- 
ture relationship to transmission lines 25 and 35 
whereby it also energizes the antenna arms 
and 28 in a proper relationship. Now, in order 
to prevent the frequency modulated signals from 
the third transmitter from entering the diplex- 
ing unit and thence arriving at either the visual 
signal transmitter or the audio signal trans- 
mitter, I bave provided a pair of trap circuits 
or "notch lïlters" 65 and 75, one individual to 
each of the balanced transmission lines 25, 
and 35, 36. Each of these notch lïlters is an ar- 
rangement of coaxial transmission lines in a gen- 
erally T-shaped configuration. In lïlter 65, 
transmission line '66 forms the leg of the T while 
line 67 forms the top of the T. Similarly notch 
lïlter 75 includes transmission line 76 as the leg 
of the T and line 77 as the top of the T. Now 
lïlter 65 is connected to transmission line 25 ata 
distance Q from the point of connection of the 
bridging transmission line 45, 46 while the length 
of line 66 is also equal to Q. Line 67, forming 
the top of the T, has a length C and is open cir- 
cuited at both ends. The location of lïlter 
and the length of line 76 are the saine as for 
lïlter 65. The length of transmission line 77, 
forming the top of the T, is indicated as distance 
D. In the bridging line 45, 46 I bave provided 
a pair of lïlters 85 and 95 consisting of lengths 
A and B of coaxial transmission line connected 
to the inner conductors ai points d, ai distances 
Q2 from each end of the lines 45, 46. Now, if 
one assumes in an ideal case for the moment that 
distance QI is equal to a quarter wavelength at 
the frequency modulated raid-hand frequency 
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and distances A, B, C, and D are each a hall wave- 
length at that saine frequency, it will be seen 
that for FM signals a low impedance is presented 
at point c, c on transmission lines 25 and 35. 
5 The quarter wavelength distance QI at the raid- 
hand television frequency, inverts this imped- 
ance, thus presenting a high impedance to fre- 
quency modulated input at the junction points 
], ] between bridging transmission line 45, 46 and 
10 the balanced lines 25, 35. Thus, no energy from 
the frequency modulated transmitter can pro- 
ceed along transmission lines 2, 28 and 3, 3 
to the picture signal transmitter or the aural 
signal transmitter. Likewise for picture signal 
15 frequencies and aural signal frequencies points 
d, d on bridging transmission line 45, 46 prescrit 
a low impedance with a consequent high im- 
pedance at the junction points ], ] of transmis- 
sion line 45, 46 with the balanced lines 25, 26 
20 and 35, 36 due to the impedance inversion brought 
about by distance Q2 being a quarter wavelength 
at the television midband frequency. Thus, no 
energy from either the picture signal transmitter 
or the audio signal transmitter can enter the 
25 quency modulated transmitter. 
Now, in some practical cases the operating fre- 
quency of the frequency modulated transmitter 
is higher than the television frequency, while in 
other cases itis lower than the television frequen- 
0 cies. The line lengths Q, therefore, may be ad- 
vantageously compromised from the ideal quarter 
wavelength dimensioning and Q may be ruade 
equal to Q2. In some cases they may be ruade 
a length midway between a quarter wave at the 
35 frequency modulated frequency and a quarter 
wave at the television frequencies. Thus, where 
the frequency of the frequency modulated trans- 
mitter is lower than the frequency of the tele- 
vision transmitters the lengths Q are ruade less 
4o than a quarter wavelength at the frequency 
modulated frequency and the lengths C and D 
may be adjusted to prescrit a capacitive reactance 
to the lines 66 and 76 of the length Q. lor the 
case where the frequency modulated frequency 
.5 is higher than the television frequency the dis- 
tances Q are more than a quarter wavelength at 
FM frequency and the lengths C and D must be 
such as to prescrit an inductlve reactance to the 
lines 66 and 76. In any case the resultant re- 
s'0 actance at points c, c presented by line lengths 
and 77 must be low at the frequency of the third 
transmitter. Lengths A and B are subject to a 
slightly different requirement. It is necessary 
that hall of the power from the third transmitter 
55 lïows into each antenna line 25, 26 and 35, 3'6. 
Therefore, the points d, d must have identical 
impedance as seen from the input line 55, 56. 
The load circuit at points d, d for the third 
transmitter consists of the antenna resistance 
ç0 shunted by the reactance of each of the Q length 
line elements which lead to points c, c along 
transmission lines 25, 26 and 5, 36. Line lengths 
A and B must, therefore, be adjusted so that these 
reactances are tuned out. 
65 While I bave illustrated a particular embodi- 
ment of the prescrit invention, it should be 
clearly understood that itis hot limited thereto 
since many modifications may be ruade in the 
several elements employed and in their arrange- 
70 ment without departing from the spirit and 
scope of the invention. 
What is claimed is: 
1. A triplexer arrangement for translating 
radio wave energy of three separated bands of 
7 frequencies to a utilization device, including a 



pair Of 'C0xial ti'aïsmïssion lines for .Carryin 
radio ïvave ëhei,y o tïv0 'o said frequehcy b;auds 
aoeace¢ eaghiohër, he ]nths of Skid trans- 
mission lines dering by a quarter wavelenggh 
R a givën ruency inrmeiate the uppermost 
and lowerm0st .frqencies of said two bands to 
present energ in phuse.quadrate rëiationship 
'àt e output euds of said transmission lines With 
resct o the energy applied fo the input ends 
ëf :sid coaxai tranSmissiën lines, a concetrïc 
transmission line bridged across said pair of c0- 
axial transmission linës fo carrYig rdio wave 
nèr of R thir ffequency bfid Otside said 
two frequecy ns applied fo Said 
transmission line at a èdetrmïfièd .pbïnt, h 
ditanc Yrm aid pY6dëfemifië p6ih-t rb id 
bnëg in phae ùçtfire -elaionsïp ai Said 
i fl-miiSh line bëtween aaid redeter- 
mifld pbifit and the poinbs oE connetioh o said 
conCéntric tanmission 'ïie to said pair ó co- 
aml çáhsmission ]ine }o prevent .0w of en- 
r et frequencies within said two requency 
bands rom thWinpuç ends o said coaxial -trans- 
mission]ines towar i predermined point on 
said concent}ic transmission line, further-means 
interposed in said pair o coaxial transmission 
lines bétween the poin of connection t-hreof to 
said cçnçentric -rasmissibn line-ai]d the i.nput 
ends er -the coa-xia! ,trausmission lines to prevent 
flow of energy at reqencies in said hird fre- 
qúency band -irom said predetermined point on 
said concentric, tnsmission .line toward said 
input ends of said coaxial transmission lines. 
2-A transmission -line arrangement includ.ing 
a pair of coaMal transmission lines -for carrying 
radio wave eneray of a given frequency, the 
lengths of said ransmission lines differing by 
quarter wavelength t said g-iven frequency to 
present energy in phase quaature relationship 
at the output en of Said coaxial transmission 
lines wit-h respect to the energy applied to the 
inpùt ends of said "coaxial transmission lines, a 
concentric -transmission iine -bridaed across said 
pair oi coaxial .transmission lines for Caryig 
radio wave energy-of :a lreuency diffërënt from 
said given frequecy applïed fo said c0ncntfic 
transmissioñ linWet a prëdëtermihed point, the 
distance fr0m said point to said outpt eds of 
said coaxial transmission lihés diering 
quarter Wavelènh à sai-ddiffërgnt freuency 
present energy in phasequadratre relaf6nship 
at said 0utput-ens, tTap circuits c0nnc-td o 
said concentrib tramïSsiOn iine bètwëen 
preeind p6itandth'ë points o 
of ai conëntçic transmission line o said 
of coaxial transsio lines, aid 'trap circuits 
preSèfitihg uaiàHy short circt impedance 
at said given frequency and substantially open 
circuit impedance at said different frequency 
across said còncentric transmission line, further 
trap circuits coupled  said coaxial tranmissio 
lines between the points of confection thereof to 
said conceCi taflsmissi6fl line and the input 
ends o said coaxial transmission lines, said ïur- 
ther trop çircuis being clëd 'to presñt Sub- 
Snally Short-circuit impedance et said digèr- 
ent frequency and substantially open circuit im- 
pedance at said given frequency across said co- 
aal transmission lines, each of said trap cir- 
cts comprising an open-ended coaxial trans- 
msion le section substantially a hall wave- 

tënth bn :àt ïïïid .ivën fCïency and beïng 
adSuteïi t JSëh-ï iëdgnc ç said dff- 
ërent rëheny  hè po of cbsnecçion o 
sai ráp Cidùik 'id cbpling being ruade by 
5 lëhçhs of 0fiëntri ansissi0n ine a quarter 
Wvélëhg 16g ä' Sàid erent frequency. 
3. A triplexing :aahgëment ihdlUffing a pair 
of coaikl ansmiëfl téS fr carrying aural 
h 'igUal sig:nals bi a lesion program of fre- 
10 Ccy band etërC kbout a given frequency 
ihçë;ëdiktë Clbêmdsç nd e uppermost 
ffëqùënc limits ëf aid bnds, ghe lengtlis of 
Said C0i5l rgnission iheS differing by a 
qrter Wëlégh at id given frequency to 
15 Peséfit eflyïhphè flaratre relationship 
et Wbutpt CdS df gid 0axiàl transmission 
liflë itl iéspëct .b the ëneçgy pplied et the 
ifiput Cds ëf i ëail ransmission lines, a 
cbnënti rfiSli0n lifie bridged aross Said 
20 pgir  Coal çahsmisidn lines for carrying 
radib .... wave énè b a bn o frequencies about 
a frequën&y ith id ahd different from said 
gïvën-fquehc appIië 0 aid CëncCt'ic tran- 
mii0h .Iiè ht :à prëétbrmined point, he dis- 
25 nè :r6 i çetëfmïned point  the points 
Of 0flniën f id bbncëfitic ransmisSion line 
0 aid Cbgiat fï'gmii0n lines differing by a 
qùrtë wa?elëgth tid dïfferent frequenc to 
Pçëën ner i háë quaçature relationship 
30 et thè ouput nds 6f gaid Caxial ransssion 
lines, ra:p 6ïc1t 0hnècted to sai concentric 
transfusion liffë et distanCes ffom the points of 
C6nneCtion ë -id pr o coaxil transmission 
lihë ïntCmediaë a quf Waveleth et said 
35 i?Cfreuenc h à ùrter Wavelength et said 
dïfferent frequën, si trap ircts being con- 
nected to pfesbnt- ig h :impedance across said 
C0ncentric trahsmïin line fo said en,rg of 
said band of freqeh'e about Said dierent fre- 
t0 qUeny and Sub-antihfl short circuit impd- 
aflbë to energy of sid tëleVision frequenc bands. 
fufther tap irCùïts ùpled to said c0axial 
transmiSSion lines atSäid itefmediate distances 
from thé piçs bf bbnneCtion of Said c0ncentric 
trfismissioh linb b sïd concentric transmission 
45 liê, "said CupliC beih me b lnths of 
axïal tnsissiOn ifië of said intermediate 
length, sid 'frtHer tçgP circuits being coupled to 
prenent a h imedance across said coaxial 
traflsmissi0n Hnes 'àt freqUencies of said 
50 visiO program bañS ad "a Substanial]y short 
circuit impedanUe to enrgy of said bnd of fr- 
qencis about .Si differet frëquency, each of 
said trap circuits comprisïng an opn-ended 
rafl'mission line SëCtion relatively a half wave 
55 length-ln htsid dïfferent frequenc nd bin 
8Uë  prescrit .high impence et said dif 
fëë :ffeqefly .ht h oint Substantiel]  equal 
t a fltr avlegth-a said given frequency 
fr0mohé ehd  thë 0peh-ëndC transmission line 
o sectioh. 
. A trafismiso linè 'àragement inciudin 
a ai bf c0aihl 'raSin ]ifles for carrying 
fdïO aVë eney 0f a givn frequency, the 
lêffhs 6f h:i boh:ia] :tç.hsmssioh lines differ- 
l:giëhSb t thW6fiflç ehds 6f Sàïd coaMal 
tlahmiiön;lihC .th çêPCt to çhe nergy ap- 
pIiëd t é ihçUt Cs b'f Said 'bxial rgnsmis- 
70 ih 4ihs, a bbhCr:ic fansmission line brided 
across said pair of coaxial transmission lines for 
carrying radio wave ener of another frequency 
different from said given frequency applied fo 
said concentric transmission line ata predeter- 
75 mined point, e stance from said point to said 
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output ends of said coaxial transmission lines 
differing by a quarter wavelength at said differ- 
ent frequency to present energy in phase quadra- 
ture relationship at the output ends of said co- 
axial transmission lines, trap circuits connected 
to said concentric transmission line at distances 
from the points of connection to said pair of 
transmission lines intermediate a quarter wave- 
length at said given frequency and a quarter 
wavelength at said different frequency, said trap 
circuits being connected to present substantially 
open circuit impedance across said concentric 
transmission line at said other frequency and 
substantially short circuit impedance at said 
given frequency, further trap circuits coupled to 
said coaxial transmission lines at said interme- 
diate distances from the points of connection to 
said concentric transmission line, said coupling 
being ruade by lengths of coaxial transmission 
line of said intermediate length, said further 
trap circuits being coupled to present substan- 
tially open circuit impedance across said co- 
axial transmission lines at said given frequency 
ad substantially short circuit impedance at said 
other frequency, each o said trap circuits having 
the point of connection located substantially a 
quarter wavelength at said given frequency from 
one end of said open-ended transmission line 
section and an overall length adjusted to present 
high impedance at said point of connection. 
5. A transmission line arrangement including 
a pair of transmission lines for carrying radio 
wave energy of a wide range of frequencies about 
a given frequency within said range, the lengths 
of said pair of transmission lines differing by a 
quarter wavelength at said given frequency to 
present energy in phase quadrature relationship 
at the output ends of said transmission lines with 
respect to the energy applied at the input ends 
of said pair of transmission lines, another trans- 
mission line bridged across said pair of trans- 
mission lines for carrying radio wave energy band 
of other frequencies about a frequency within 
said hand different from said given frequency ap- 
plied to said bridging transmission line at a pre- 
determined point, the distance from said point 
to said output ends of said pair of transmission 
lines differing by a quarter wavelength at said 
different frequency to present energy in phase 
quadrature relationship at said output ends of 
said pair of transmission lines, trap circuits con- 
nected to said bridging transmission line at dis- 
tances from the points of connection to said pair 
of transmission lines intermediate a quarter 
wavelength at said given frequency and a quarter 
wavelength at said different frequency, said trap 
circuits being connected to present substantially 
short circuit impedance across said concentric 
transmission line to energy of said wide range of 
frequencies and substantially open circuit im- 
pedance to energy of said other frequencies, fur- 
ther trap circuits coupled to said transmission 
lines at said intermediate distances from the 
points of connection of said pair of transmission 
lines to said bridging transmission line, said cou- 
pling being ruade by lengths of transmission line 
of said intermediate length, said further trap cir- 
cuit being coupled to present substantially short 
circuit impedance across said coaxial transmis- 
sion lines to energy of said other frequencies and 
substantially open circuit impedance to energy 

of said wide range of frequencies, said trap cir- 
cuits comprising open-ended transmission line 
sections relatively a half wavelength long at said 
different frequency and having points of con- 
5 nection located substantially a quarter wave- 
length at said given frequency from one end of 
said open-ended transmission line section, said 
line sections being adjusted to present high im- 
pedance and substantially zero reactance at said 
10 different frequency at said points of connec- 
tion. 
6. A transmission Line arrangement including 
a pair of transmission lines for carrying aural 
and visual signals of a television program of a 
]5 given midband frequency, the lengths of said 
transmission lines differing by a quarter wave- 
length at said given midband frequency to pre- 
sent energy in phase quadrature relationship at 
the output ends of said transmission lines with 
2O respect to the energy applied at the input ends 
of said transmission lines, another transmission 
line bridged across said pair of transmission lines 
for carrying radio wave energy of a frequency 
different from said given frequency applied to 
25 said bridging transmission line at a predeter- 
mined point, the distance from said point to the 
points of connection of said bridging transmis- 
sion line to said pair of transmission lines dif- 
fering by a quarter wavelength at said different 
30 frequency to present energy in phase quadrature 
relationship at said output ends of said pair of 
transmission lines, trap circuits connected to said 
bridging transmission line at distances from the 
points of connection of said bridging transmission 
35 line to said pair of transmission lines interme- 
diate a quarter wavelength at said given midband 
frequency and a quarter wavelength at said dif- 
ferent frequency, said trap circuits being con- 
nected to present substantialiy short circuit ira- 
40 pedance across said concentric transmission line 
at said given midband frequency and substan- 
tially oPen circuit impedance at said different 
frequency, further trap circuits coupled to said 
pair of transmission lines at said intermediate 
45 distances from the points of connection of said 
pair of transmission lines to said bridging trans- 
mission line, said coupling being ruade by lengths 
of transmission line of said intermediate length, 
said further trap circuits being coupled to present 
5o substantially short circuit impedance across said 
coaxial transmission lines at said different fre- 
quency and substantially open circuit impedance 
at said given midband frequency, said trap cir- 
cuits each comprising open-ended transmission 
line sections relatively a half wavelength long at 
55 said different frequency and having a point of 
connection located substantially a quarter wave- 
length at said given frequency from one end, 
said transmission line sections being adjusted to 
present high impedance at said different fre- 
quency to said point of connection. 
LESTER J. WOLF. 
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